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I m ve w * <o m m ] 

-> y a > * « ± »c , r - hSfiiitr- nit i zomzn-r a \,*x , 

iy- hiffeiitK* J > &«flHk« «> L< v U * - h Icgf^iASftfcHSOlft 

;£ JlS If m 3* *§ *§ IS * * L , 

bmtitzm&K&teir * £ t iff it Jf«^t. 

[ it # a 2 j 

REfi****^**»*R + oa*»*#Rff*fo^**fcfc*tt«* , » -> y = 

* 0. 5 nmJtt±K*tfc«*U#«1-4BI**llBttO**fls*|«o 
[ W * * 3 ] 

I if * a 4 ] 

**tt*tR©**«#fc«ttLTv»*R*aiE«<B¥*#«1Io 
[W#Jg 5 ] 

frier - hiiiov'j 3 >*«ffl#ffii:j3it^n*gjg#3i^%*i-c*ai*« i 

[R$«6] 

way- hmmmw. £ >s -> y - h^s»75 ? «A?ti.^#5fi^s^^*«^«*«fe^^ 

[ If * 3ER 7 ] 

jft IB & « -> U *■ - h tOJ"J 3 vff tI«WK»*Lfca*I?#, $"J3>3fc*a»<b 
[if 8 ] 

Hiriar- h trie -> y 3 > *«± u t»« $ -> y 3 v BHklfc t , g-/') 

[»#* 9 1 

-> y =1 > at « ± k , r - hiilty- Hit fcioJBKtfi-fc^illEflERIIKiJ^-c,- 
RE**- h MM**, ilv'jy - M:at4 t iA*ftfc*il«)«**t**t*iilt 

lo v y 3 > t hMffl#15i:©W«> + IHJ««-»::j3v»T->»; 3 

/> R Sr * L , 

i if * m i o ] 

-> y 3>i«±i:, Y - USSIiy- Hit *io*Ktt4*i#*ii:Uv>T, 
R *• - h *fi ft M > •>'J3vS«i*t,J(ii: > llO'/'Jaylftl, # JR ®Mk 135 Mfc L 
< 14 * JS •> y ^ - HHUJ:0 f «S2 3 > i^I * t S 91 t g «r # L > 

HI 2 «9 v y avRfkRO***, -> 'J a^RfbttfcfiR^fcASftfc* 

[ if * a i i I 

mr e -> y 3 > * m. t m e y - h m ft m a* & u , ir- neiitr- ust^ii, a> 
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mY- #'r-"j 3 > t< i±^'j->'j ^ > y ^ =■ v Amnm-e $> z>m* & 1 

~ 1 0CV'fKi"-IS*©fil|:8i o 
[ 11 * 3 1 2 ] 

flrfey-hSeiiSM**, Z r , H f x T a , A I, Ti. Nb, Sc, Y , L a , Ce. P 
r, Nd, Sm> Eu, Gd, Tb, Dy, Ho, Er, Tm, Y b i ^ L u * <b i 4 

w * h m tl * 4? < fct-aSr*tr»*Sl-l 1 0) v T *t * - « IE « © * * « o 
[»** 1 3 ] 

t; £ v> r , 

£ « ant » <> l< tt & m *s y ^ - h*t>4 5iiii$iii'MDgit*y7Xvi,#i: 

J:oT«HBa*<Oi»A*fT^X|I**i-*ii:«:«F«i:-f***flt*««)l!a*tt. 
[ If * « 1 4 ] 

-> ij n > ^ « ± k , y- y &mm t y - Ymmt z z<omiz^-r z>*m#-mm<nmmft& 

iz is v> x , 

[ItSl 5] 

->>J 3 v * S ± K * Y - Y ®.mWkk Y - HSi C*i-***#*5««>«ii*8: 
[z is v> X , 

R¥*#ttB4*flt 6 * i± 7 Elio^SftSfes, o r , 
h * \z -> nvtgf t©ft^<o*^i«wc»)aLv itrieg^oSASr^^xes-^-r 
6 ] 

-> y a > * * ± k , y - H6»iiy- h « s t KcicttHiftssrosssa 

£ V> T , 
[ If * « 1 7 ] 

iESt^ti^v 'J 3>Kg^tIt L < 14 > V 3 > fl -fk K T * * IS * S 1 6 IS ft <0 # * 

# m ft o §i j& ft a o 
I » * * 1 8 j 

[l*<19] 

5"J3>S««II:I|1 nm**<0->'j3>M-ffcilSr^*«»c, It! f fi « « flf it Sr © j£ -f 

& w * « 1 6~i 8®v»f n^-^aEitof tftjfiioss*ft. 
I nt * & 2 0 ] 

mY- y mmwk* n&mm.mi±mwftfaiz»if; * &*> . 

mY- v <r>&%mmtf&w^fa-e%L-kk . ->•; * > & bmtitzm 

[0001] 
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#(CMOSFET (Metal Oxide Semiconductor Field 
Ef fee t Trans i s tor) * « j£ & Y - r- ft ft K <0 ft 14 tHb t feftft S 

2Mb t- Si t * * * o 

[ 0 0 0 2 ] 

yya>»ftBt«i:/P**±Oj?£tt*«*Lfc«||k#tfc«:*rL, MOSFETfl^- h *& 

H 1) , r - h * ?i J 1 0 0 nmHTOf otmy-'j > so <0 n |S d» C, r - h % « IK 
■C * * 3/ 'J a > * -f fc At «> * 3 U: 1 . 5 nmaTT*i:t#!fc5i49TV>4, L)J>U 

« * # V - * / K U W V K iff IZtt L T fcUT £ tt v> -(1 t *) , MOSFETWStt^jti 
ffiift » m^J -ft K is *t 4 * # * 91 t * o r n & 0 
[ 0 0 0 3 ] 

* fe y - v % m m <r> n m it \z # -5 i> ■? - o w n a .£ i* > r- us [#ut"; avtt) 

3^ t> <D V- 's r-OifcffcS*-?**., If MO S F E Tf fflv> t Jit v>i y - Hgli« 
Y- Y m m JBIJt *tt « L fe # 'J -> V K-fcr>^LT£*«i4ttK*i*fc* 
fetor**), v U 3>BHfc*a , ##fc*v»»-frfcl±*' - HI*t,«) K - ^ >• h 4* » » 

kb * 3? § is it f -> y 3 > &mm \z + & sn^Me t » * . 

[ 0 0 0 4 ] 

±B«5r- naitKoatw-fb^ftisiLfey-^wat oti 2ra * k - > v & § is »t o n a & 

M*-r*fei6co^^^^* s jl*!>^^Tv^ 0 - o Ji , -> y n > tt-ft K "Me * * « in 

£fc&L <**l») Hft**'OJK» T**..iDx. r SI * 

L , -> y 3 > k it m w g & jo k i * ft If m * it k «i pi # a* * * c t t,z m x r . a it k 

[ 0 0 0 5 ] 

i£ o T , y y 3 >HHfc*fcftfc«*1fi:tt©*» - HiloM^t LT, y y 3 > B ftfc £ 
^ -> y 3 >SHbfllKJt^-Cifci§m*7S*ft < , * o K - > Hj£«Ol»Jh«i*«r*Lfe!W#r 
O»*#Jt*t?*i.rv»* 0 SrikHW^^lSSv^fl-kLrtt, Al 2 0 3 , Z r O 2 H 
f0 2 > fc'iffY, 0 3 *ifO#±»5c5lf»Hb*K i fe L a 2 0 3 O 4 to ? > * / -f K 

* o 

[ 0 0 0 6 ] 

- Ht«Ii:LTU^-'J > ^ SO t: M o fe Y - h % 

[ 0 0 0 7 ] 

r-hiffi^Moafflt-j:f>-r, y - use « k *t «■ *» -> y = > ®e -fb k r * * t <e se l t , r 

, iSKt ->'J 3 vKftl<OJtit$tf ti^-'li e h , e otL, '&®iWk<OW- S ?r d h t 
L fe B$ > •> 'J 3 >K^K»#l)|d e li 
de = dh ( e o / e h ) 

i:=5r* 0 e ofctfc^T^cSfcWMe h * «> o fe *t » * « v» *i jf » » K jp < r t * v» y 
'J 3 > <b K fc WI ^ K * •? 0 i:ktSLTV>4. y 'J 3>Kftlo Jt'R m * c o li 3 . 
9SJg^W-C-^Jx.JdT£ h = 3 9<01i5i§^#:fll^ffl<'^rtli'l 5 nmCf ?i:LTi 1. 5 n 
m <D y y 3y^-fbBI^^)igIS{C^ 0. h >*/H»«r**r* ibltfftJ. 
[ 0 0 0 8 ] 
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I & w a 1 m * l x 7 t-t « » a ] 

m-r h z. h tftkft z tix is *> . mmsmmmt lx a±&ff>&&wut®imm*? *s v * - v 

o 

[ 0 0 0 9 ] 

^ « k - > h *isit<fbi-4«iaaxs-c±tto*»m*r - h tt «■ a* » si ft l a *) , -> 

y 3>afe«to||iffiRJB*«JtlT-r4ii:* , «ftS*T.rv»* 0 i§5 if m 3* R © ft b b b ft a*jg § £ 
*ftKtt, ft b b b & ± <o # (ftB B B *£#) a*f§±L> £ *t t. <ott#-e©tt*k«rtt<&#ft* 10 
ft b b b ft IZ # -9 R * <T> W ft ^ *& - 14 f £ C 4 o - <D ft A ft M fl £ & « "t 4 * IS t LT 

* , j£ R is 4 & M 3 B# tc v <J 3>S«t<c»#BlcS:iSS**®fiK$^4c:t*«Pn']Si: 

4 4 o :oMii:JtLtii, Silf lit ->'J n >*St«*ii:#f cfv> ( « # 0 

tliiaofMAil: LT->'J 3>«aftR*S"J a > S ft R * ft T * * £ t 
[0010] 

Lni, -> 'j a > at ft r t ra * c & is m ^ r - h *e « r c b§ l t «> k - * 20 
tisiujtoo, issim^y - miitiiv'j 3>^ft^(cjt-<r!feamip^i?< 

# 'J -> y 3>y^-7x^Alt*fflv»5S^CIiSc#flSliraiii:ia<. L *■ l a ^ © ?S 
IB ft "C 14 , A 1 2 O 3 ^ Z r 0 2 Ka**j6m-**£fc-CK-'<>bl£tt*Wl*Ut?**£ 
t **#ft ?iitt>S. 

[0011] 

5 = t)Mi.§i: L T J4 , S^^flliv'J 3Vg;&i©#Em«#1?fccc>#fta i ^li§$*t 
rv>i„ f£ # co -> y n > « ft Bl * ffl c Jt ■< r W Bf « ^ J» HI * ffi tm± » ffi X B * ft si* ■« < . 

a Hf 1 0 1 1 / cm 2 & ± © 4«C PS # # 1" * o int>0#M^R5 ( * * u» »± R * B ) K 30 
iotMOSFETWgig^'v'J avKftlCifc^TR^O-KS&ftLfcD, R + is 4 
tffltwiSIf i: ioT h v v v * - iH^ © IE It a s ^ li ^- £ Fn^ M a* £ C r v> * 0 - 
nt>WF^Iltc^-r45fcll^t L T Ji > — ©H«K#i-43fc**i:P»l«K 

Rffii:'/V3^»ftIt»At4ita , »*tt-C*S. L*L- # ii -> 'J 3 > ®gft Jg|Jf 

a* j? v> * ft k i* r - vmmm&ftv&ttm&MmmtfmtinirZo z tnztt lx %-m&itm 
m-ti*n^Wi&K&&'mm i £&& j ? k - v v> & § ft m ± n * a* ^t^t*j 0 $ <b tc 

«RW**Rfc'>y a >iSiCf iCSfOy 'J 3 > g£ g ft JjH ^ v y 3>aftR*!*A 

l « it (4 , # ® & $ -tt & # t h'-'i> h £ § ik v w ft ij k * e<) r & 4 a* m *t m a* * 

ft 1" 4 o - l± g X K jg S L * ffi ^ RS * J if fc U i» A £ ti Z> tz * X $> *) , 16 * © v y 3 > 

/ -> 3 >&itmwm tcft-c, #sjjS ^ «istt^ft 4- ?i § e - -To 40 

[0012] 

■c * 4 a s , -> y 3 > ^ « fc <d if ® »= # # -r 4. is x 14 m & m * r + » -> y 3 > % ft m ~* <o 
m.%i£Aizgki.xi±, n h 3 *Noif*%k'<D^m*^A,tzii*%m%*xu.m*9k&m. 
tiitr, Itcif S'fAt^- t* { tl si', -> y 3 v g « t <n # b k S % ** # < 

ItfL, » = ©MH.«-C*Lfc#ttl£4feEMw«*te# ft *3I i K If ^ $ « 

[0013] 

&w&mmm^<r>%( L^mmmxij & t lx , &«fift*gncs!ftfea«rift-fie*«»* 50 
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£ tl X V» & ( /Mil* , Tech. Dig. I EDM 2001, p459. ) „ * * ft 
li v 'J 3>***IC^^?^ 'J V^&KioTZ r N R * it R L > £ ft C 5 0 OCtl 
-fk^S^Jfe-r-ttT-Z r0 2 ^ORR&anfcfrV*, & * O Z r0 2 RlwJfc^TRftfc&^c 

#^lijURR&E>RR* ;: 'S'^'*:S r O Nli»**Sii, ±ao*= ©MIA i»ftt 6 C tt 
M P> & v» o 
[0014] 

[0015] 

[RS*»£fe-#-*fc*!><D^|S:] 

* % w o m i <o mm t l x , ->y 3>i*±c, y - ntst r - uti 4ri©n: 
iy- h rrk**, &R$ik® *> l < a&R -> y *■ - b i:a*#*ASftfciioa*^ 
ttfiR#*RR*R*»R*tf>fi*»R«:R»#toK«'#*#^ 

«R***W»mJ*s**K'1 I ofl*»BE* I R»*^I-C**:i:*4ft«#. -> 'J n v R«*» 

[0016] 20 

& * ft fi ri* , y'J^ISi^o. 5 nma±*ftfc**i:#4t4i:i4 , »Uv>. ' 
[0017] 

[0018] 

RrefiR*#RR«*«RR , t , <^R*«Ra , RR#fo■r«*■***^fcR* , ' &m^%&m 

[0019] 

mrisr- h *S*tRO -> 'J a > **fiHJ#M K *"»t * R**SE3&« 3 S?%*iti i:itff 30 
[ 0 0 2 0 ] 

*f!8©«20HUt, i/U3>**±i:, y - h *£ *f R fc - USt & £ <D Ml; 
4 ¥RflE*«K is v» T , 

mjffiy- h *a it r a* , & r -> * - McaR^RASftfcRRwRR-s-RRRRRRRR 

4r * L , 
[ 0 0 2 1 ] 

C © # R # £ g iz U v> r , ffi E & R -> 'J *r - h * <?> v 'J 3 > R ^ t S *? ft C R it L fc M X 40 
R ^ > > n>ifi^^»tifcfiti:f fttii i: » 4 Lv s 
[ 0 0 2 2 ] 

±fe¥j*#&SK:fev>T, mr ib v - h *e k m a* > t!e-> v 3 >ss±c«Ltit?iifc 

v 'J a R v 'J 3 >mtR±K»L-C3BRSfifcRER«***R«*RRR 

[ 0 0 2 3 ] 

REy->. &R v y *■ - h»=fl»* f »A?nfc«jtORR-&*RR*R«»R 

£ * L . 50 
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v V 3>»BE* t */htt**-f*tt«fc»*'- h*««*B5i:«)|IBO*t=a**»i»A$*tfc 
ii^iStt $ ft* e 

[ 0 0 2 4 ] 

& 4 com t l r , 3>**±k, r- h &mj& t r- \ mm t * z. com c 
&y-H*&H:i&a t , -> «; = v * * « e> « k , »ioy'j3>»<ti, &m®.itmm i> l 

<ti^Jl>'';^-hMi3J:y f ^2co->'j3V^^t;)K?r^r-t4ffiBffi^=Sr*L, 10 
*2 0J"J3'/ttftH©*#, ->y3>ttft»»=ft*#*AS*tfc*iS*tfi-4££*» 

[ 0 0 2 5 ] 

t y - h mm. t a* * l , * o , 

ir - h m s ** > # u -> y 3 > & l < i* # y -> y 3 > y ;v t - * a s» m k -e *> & c t a* 

i L v>„ 
[ 0 0 2 6 ] 

±Sf tftSfiClSV't, mrfSy-hif6^M* ? > Z r , H f , T a , A 1, Ti. N b , 

5 c , Yx La, Cex Pr, Nd, Sm, Eu> Gd> Tb, D y , Ho> E r , Tm 20 

, y b is a tr l u & h % h * a» h * & » < t fc-at^trr t#»t lv>, 

[ 0 0 2 7 ] 

j&#gB<o3Sit:&ft»w35v»-c, 

R###SSE#liJE$ 1 , ^2 ifcl±^3C0®SSc0^-#^^fi-C*oT, 

6 s $e lb & l< ii^i-> y y - h b % z Tzmnmfomm^ n^^-SG ? 7 & i~ 
J: o r itr c ft * o # a * fr -5 x s * * * i i: * w « i- * # # # * « « « a * ft *»« 

[ 0 0 2 8 ] 

tWB»**flt^»ft*^*^?X^J»|*K*oT1)&efi*0*A*fi}ie*#i-*£fc 
[ 0 0 2 9 ] 

* » « K * 9 . -> 'J = > * * ± , **- H8#Rky - H*tti»*i:*ti*»fl! 
^gco^ii*ft(ci3v-r, 

»**flE*11#«rE»2 «) 16 ■ o r , 

£ H •> y * - h**)44!ltBt$*I^oa**t , /?XvBj|ti: tot, iSv'J)-- 
b 4> |C v y 3Vtft^tf0^^co* £ S tt K J5& L , lWEft*0*A*fTdieSr*-*- 40 

[ 0 0 3 0 ] 

=g g co it u ft k a v» r , 

->y3V**±K*JRJii:ft****f*ft*-S-*«*^*4»*«jt*«*U^:»»:» 
lb & S £ ifc -f i t J: -oX Y - H8III«r»«tail!«:*t* - t ^tStt^^tft 
gfgoKit^ft^itftSft&o 
[ 0 0 3 1 ] 

£ co it it ^ ft fc v> r , iESf ttlj) s v 'J ^ >Ki1tI U < li v'i n >l{tlt-4 50 
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[ 0 0 3 2 ] 
[ 0 0 3 3 ] 

$ K , £<Di!i!t#ffifciJV»T, J/'jsvUKJtlHKRIlnmjlcllro^'javBftRt 

lite, f!S«i«S*isiEti- t iffi lv. 

[ 0 0 3 4 ] 

j fc, *nii:i -> y a > * « ± k , v - h & mmt y - y n®.t z z vmKmi- z 

[ 0 0 3 5 ] 

[ g «0 * jfc » n 1 

<b # f L < 14 0 . 5 nmtlif U ^ogil^y - h iil t v >J 3 > i« i: 

(ommmmztft* l < (±3 %*i»Kft»Lfcr- nft»Kaijft*r«*-t4o * r - 

[ 0 0 3 6 ] 

ft * , *»«!*si«i-> , ;3>'ajbitKJt-<-cjt»«** t wv»ifc*v»^ 0 j: 0 * # » »w « 

5 ^ t ffl V> * :*§ -g- K 14 % 7 W ± T X V> „ 
[ 0 0 3 7 ] 

#$&9lT«*-* - **iB«ft*WW I P*'- h « * IK « J£ # BB 1 CSL* 

0 ££Tli£JKBHbttfe L < liilv'J - h*»c,4**»**»RO±«»«'CaSf«r 30 

m & z ■£ -c m.msmftm'mmt&mm i o 3 t l , : ii t •> u a > * * 1 0 1 t <om^mm 
<D%-wmitmm ( -> y 3 > ®? -fb r 1 0 2 ) iifALtisi/;, ssfii-&*?gi§m**£iKR 

1 0 3 t v «; 3>*ftRl 0 2 fc*»€>ftAy-He»Rfl|jfi*ffiIKi:-sTBlW-t-4. 
[ 0 0 3 8 ] 

4fBlK*Lfc*'- hfft*R«ii#fefc&*»*fcov»-cjaTKieifc-*-4. & R 8Mb » 

* & i£ M Sf R t -> 'J 3 v * * i: o 1MB Sf SS 14 i± * » m * * K 3fe* k 
o#Si:SI©y'J 3>S1tKl 0 2*JfA-r&-tf5fc#pTt6t t **o - * , Ail* 
SI±at:iltSWgf ^*i4Ltv^ fcfe, y - h * * O K - /< > h 31 § ft »t £ W 

^i«Cl**StiCTttft<**OJ"J 3>BHbR*^L, StfOilA'y'J 3 V * 
S#Ii:#4Uv>tft, IMBXRi»aE*fi*L. # ft £ ^ If « 14 # lb £ «J ©J * i fc # 

[ 0 0 3 9 ] 
[ 0 0 4 0 ] 

m-n-r °? x^mtft*mm LKumu.. -> y 3>*«±^»»«*»»RSr^A,/*r - h 

Sfe *i H (R * * * A ) ilsEL, iCcy7X7|:loT4«Lfcffitta**)SWt4 t 50 
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$E-%\z&^m&£.m * z z t^njti-c* »> , astfcjtfE7c3§i<og: is * a ji 
=ff?-*, r-Hft*tR*^oRRitf:tfc*«i«LT, a 3t a* v y 3 > g « ^ pj g -r * c: t * 

[ 0 0 4 1 ] 

B207n-HK^Lfc»««*©BHb*!!aKJ:o-CR'f'*>fi 10 

*»flE«-#*«0»"C**o Wx.lfi"J 0 1 <D * ffi ( * # & Sg * ® 2 0 2) K * 

*0->'J 3>*ftK 2 0 3 (HB (b) ) , iOHMfcRRBK, & « e> & 

iitiiisi 2 o 4 irsati (mm (c) ) » m^r a.mt:-£&-r &m m.m 
2 o 5fcLT£«tt*b»w*£**<o±»K*«LT»*«ii*flit!Lfcifc (ram 

+ <oa*)&;K£*®Jftti£K^&£^* - ;UT, 12 (e) (C ^ 1" 4. •? 

* , a*»*fl-#t#5fca**#*Bt**»ii2 o 6 t#TS. a«^-*ft 

gt$ii£ 2 0 6 fc -> 'J 3 > ®Hb K 2 0 3 rt» <b ^ - h H&mmiMl&T & & o & 43 , 

a * # ® t LTii&*»*b»* ; *Ri-«£R**«R*b»R*S'y3:'SE'n:R ( & a lb 
m) % k- & m ■? $> *> <, ifc&«Bft»t*at4f ai Lt*«4f ftii**aft»^ 20 

- r 7 h**v»»i*Jl^-->*y h £ ffl v> R j$ 1$ * * * U > ^ ft ifi & »f & ft. 2> . 
[ 0 0 4 2 ] 

Sf Jf Off 3 14 , K - > hOl£ik«l«l<»«)«J**»fe 1 nmfll±f*4it#ffi L 

V i t ^ <b 2 nmJ^T-C^-S-t^^S L v> „ 
[ 0 0 4 3 ] 

$Mb & S 14 . fflvstfl-ciotatft^sni^, Witif 5 0 0 - 9 0 Ot-CffKi 

T* # a o 
[ 0 0 4 4 ] 

[ 0 0 4 5 ] 

t R| 1$ (C , y - Hft*tR<t»S>R«0#«tt«4:S/y 3>»«#W^<bJ5tLT)K*ffi*>*</> 
tt+*««-KJB«ES**£ fcrf*l&flE#fb*fcinc«jRtts(Mfc«>MB*:»ife-*-4 tot* 

h o 

[ 0 0 4 6 ] 

t » r 14 4 < , HI 3 i:^ Lfc«* ^-/n 7 t ;n:ov>t i So H 40 

3 (a) lift«***S*R3 0 3<t'O-«BTli»J^-»::a»;^#;frLfc»#T*«&a*, ft 
il$«etlt v'J 3 >i«3 0 1 tO*IC)f ALfcv V 3>^<tS 3 0 2 £ ft tt $ 
R Jf K t <o # ffl T ft i Si tc a X it * T L , # ffi K if A L -> y a •> 8Mb R 3 0 2 f l: li 
Si#SlELtv>iv>S^f*i. B3 (b) (4ftsSm^*6i^RO**g)5^tca«igaFo 

t -> -j 3 > be -fb r t <r> m ft »t r a m & m a* * k © t l , -> y a >'as # t © * e wt 

S|i ! ff«L*v. ifci3 (c) tM4 , iSiS$«lI*^Sffii (y- HSi) »C 

a*3j j ^ttt^^n7T^^©«-ei4*a^, ftMm^«fi^R^r*oa*i£tic^t*<Dafi 
■c, ft « * * *e * r t -> u = > K -fb r * is k * t o ss * 3&* « w l * * t * 4 o zou* 

•> y 3 y w. it r t -> y 3 > * m. t <o m * ^ a r 36* a & -r * ^ m * r- w pb tz 0 1 50 
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nm*lT*4**Cti, ttiS C i c t lift I: i^i L /;#IIglf i if<o I: i o 

r &W)m% b ir \z mm&4stt 1 3\ & & z 1- ^ & $> z & *m $> z # > iiwsiEL 

I L < li 0 . 5 n mJa±. i Off* L < li 1 n m £1 ± « it T J3 *) . o -> 'J 3 Vgig#M 
i5§t«ol»iSi { + *i:fi«"f ^Cli> 11^03 (a) , (b) K ^ « it 14 fe *> 
, m 3 ( c ) »c^Lfc«jt-C%«ft.fc i l i *#***»*ii:* , T**o £ <0 |g , v >J 3 

> mmftw-e <off®mmmm\i. mj-<o&mm£it tmm&£it(owf®m < -fx >f * tsw- 

K 14 # 4 L < 14 3 % * « T £> , S # * « # ffi K # £ L & v> £ i 4 19 $f 4 L v> . 

R*>££iRK«S::*:S:»4 2 0If%*lfiS;l:i ! giU' o £ fi L fi it g S£ H 14 St 
T-4#1*o^:ftlc^< K4ti tor-* *) , ± IS w i& ffl K PI * o t- 14 v> „ 
[ 0 0 4 7 ] 

y 'J 3 v 1 1: i f v 'J n > Kftl f « L :©J:!:^S1 tglttl*^ 

fcaftiSffii&fc^JSL, iiiCKfttoli-iL-cy- htt4tK*?&J&'*-&IRt::<i* £ <£> v 
'J 3>&ftflg|^ffi|lji: L T Ji , ** - F iffiil Wtllli C ^ L t y V 3 V & ft flg& # JR 
*m < -T * ttjft* 1 n m*»*«»t Lv> 0 4 fc#IIft«ttO«jft* <b 0 . 5 n m Jtt ± 

[ 0 0 4 8 ] 

- ? mm. <v m m. % i% ± * !% <: m & & b y - y mm^^^mmma 1 . 5 n m &. ±~c h z 

i&m<Dmm -n n « -fit £ v ') n V * ri» 0. 5 nmJy.±S61-^r-&^(i^^.0. 5 n m £ 
[ 0 0 4 9 ] 

4fcfl***A-r**R**»*«S*i-ttiL.-CJi, Zr0 2 > Hf0 2 , T a 2 O 5 > A 
1 2 O 3 > Ti0 2 > Nb 2 0 5 ^fiixSWKIkttfiSS c 2 0 3 ^ Y 2 0 3 , 4 
tz 7 > * ■/ -f K*5E*©»ft*T**La a 0 3 , Ce0 2 , P r 2 O 3 , Nd 2 0 3 , 
Sm 2 0 3 > Eu 2 0 3 , Gd 2 0 3 , Tb 2 0 3 x Dy 2 0 3 , Ho 2 0 3 . Er z O 
3 , Tm 2 0 3 > Yb 2 0 3 , Lu 2 0 3 , £ ^ ic «i £ ft <b <D & ®? ft K v y 3 > & r£ 
tfl L tz -> V T - b*ffi*'*4o 
[ 0 0 5 0 ] 

u^wvbtizr- hts ( « x. wr # y -> y 3 > 4 »4 # y -> y 3 > y ;v -7 ^ m ffi ) 

fcO#ffi«2t4#14* f6]±t- 4fc*Kl*R**Pffi*R±ttK « « 0> 2> y 3 >»ftR£8|Ji 
L tz m & K is v> T , * ffl fflij (Y - Y mmm) OyV3V8ftl8S ( * * vm± -> y 3 > gfe « 

R 14 , « *. I4\ •> 3 v * 1 O •> 'J a > W^R, i«BE^»fc L < lii«y V 

*--b*t>fc*Bt, g2©->>; 3>KftR^tt5 9i«Jli:tL. 2 o -> y 3 v & ft 
*CAi:a*i , ilA?Ji, llO'/'Ja'/lftlt. & « K ft & *> L < 14 & £ -> y >r - Y 
Or- b tt h R K. »4 & Si 14 & A ■* it v» „ 
[ 0 0 5 1 ] 

<b0. 5 n mai^ff S L < , y- HiiSRWftllS C t •> >) 3>iikl»#lf 
H<tJlS*.*?> 1 nmflT#9J U 1 . 4 , ± IB ^ ^ W ft » <> L- < 14 & £ -> 'J -Jr - 
h <b ^ -& R <0 m W- K o v> T 14 , h > * ;U S St #Cp ftlj <0 m & ^ b 2 n m JSl ± * s if 4 L < , SS 
iS<?)gg.? i|#SiOitt^^'7 > ^ <0 IB 3i» t> 5 n m Ja. T ff 4 Lv»„ 
[ 0 0 5 2 ] 
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l.7t«J§«ditMi$:<Tfc, #1 2 0 0 1-2 5 2 2 5 8-5§-Ktt3?$ft.i>i?fc, & X -> 

n - h^m> : pwKJ¥*[S]oa«* f ^ii$ti.^«jiT-*i3, y - h tb*m<o±.m * h viz 

3>S«lfIty- HmffiffliJ#St«OlW«i9 + rag|5i3'»ci3V»T->y n v & a* « >h « £ * 

ft , -> , j3>*flE* , */h<l**1-«fii:1li:"> , j3>*«flJfflBtOHKI±ft3lfA f »AS*i. 10 

( T fll # B ) %hXf\zY- HI ( ± fig # ffi ) i <o i£ |fi -c 14 S i O 2 / S i # ® K 54 v» # 
ffi v> -> U -Jr - h # ft 14 IS B B B lb iS K ifi it « to © v> i t S £ £ ti x v» -5 ?J* , i <o & S Us % jg 
± -r * - t A J -e § * o 

[ 0 0 5 3 ] 

± IE « m <0 m t Lt, & JK v V - h©»J*jF«Jt:*fa^ft*b-*-4ft*-£*]l5R*sp«lt 

jh«: -> ij a >mmmfr bm&\zm 1 ^mmm. *2©ti4i:»ijT#xfci:i ( 20 

»10**tt5"J3V**t=«L> i 2^fStliy - HSCtti) , & £ -> U - h 
«f <o •> U 3 > ill BE ** ^ 1 3>**fl*B*»ibil*W»=»^L, »t> m « J* K H 

v> T */J> £ i: o tz & ig UP k £ , *2«3«*0** - Htfl#I I i:JISD L t 

> f ra m & c is v» x i± -> >j 3>/^js7c^jt#y - h t&mm-£ 

IS 1 iiJ:tr*2. *>«*©JP3t::o\,>TM:, *ffi*«4*1t5fc#»*«!>«jac*»e> 0 . 5 n m \>X 

± a* «p =£ L < , r - ne*iio»aiii»»=JtLr->y 3 ^BHbRaitKff** < 

h 1 n m &. T rt J $f 3 L v> „ J t H f «<5f ? C ^ ^ T li , h > * ;w m SfE Jfp ftll O IB 
e> 2 n m J£l ± » S U < , fi ilOSI ? f>*t#gl t a* 7 > ^ Ott * ?j 5 n m 30 

[ 0 0 5 4 ] 

« -> >j - he^^^i-^^STc*-^ - h ^ <o -> >j 3>, $ t5»cii^sim^R<^± 
-> >; 3 > /i i m a<j iz a -fb l m m t -r « z t » s l 0 fctftA hchltb, m 

^ r * 5 - f A li (A 1 N) lU6Jtte»::«;h.A*J-fl--C*»K A 1 2 0 3 #ftO|g^bMaco 40 
[ 0 0 5 5 ] 

ajt^S^^XTtUttitt^CU^Tli, & JR HI -fb * JA i K IS « * * JR 

^ iz is v» r i± , y7X7i»^ffoiti:iotIt ( # tc m Wt ffi fiO ) <o -> 'J 3 > m =f- <r> 

h- ?r m m & iz a it -t & - t # r # ^ 0 

[ 0 0 5 6 ] 

liltwi 50 
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[ 0 0 5 7 ] 

tnmm 1 D 

*§III^S-©IlMt?liI^lftffi (At omi c Laye r Chemi c a 1 
Vapor Depos i t i on : ALD) TlSILtA 1 2 0 3 ItCgfy^A 
JKlIf I: i: •= T If f A ^ o ?r /7 t . 

[ 0 0 5 8 ] 

-> U 3>>)i/n1i:mOSFET07-( - ;W K^ia^ab^^C^^fiKL, doHMtcT* 
SHtflll (IFBBMfcS) t LTIgSIp 0 . 6nm<0y'j3>Sit!l«liLt o *^x^±l: 10 
Al (CH 3 ) j JsiD'Hj OIlift^XOXIil&CiliALDtti-jtlf 4 nmWA 
1 2 0 3 I^iiLfct, *^Ii:tf 7v**^f.ltU: 0 7 y A JHWli y 7Xvl 
t LTECR (Electron Cyclotron Resonance) ? V** 
S^ilL/iX^SiCiotittLfc. 7y*JH.Ii')x;Nl±2 0 cmCfif L, S 
*7y*^RRIt*fr»ia6*a«3 0 0- 7 0 flE*0. 3-0. 9 P 1^1 5 0 

wt lt3 o^-ra^^-ftiaa^^c.^o 

[ 0 0 5 9 ] 

B4tt*ffltt4?5>*/WflS«*#Tfl£«Lfca'ffcLfcA 1 2 0 3 itoafia * 2 *-f 
*>*i*tfKJ: »JlfflSLfc«S*-C**o v»**»aT rt* o fg jjf # ff tf* © 

v> ( 7 0 0 *C , 0. 3 Pa) * , afyi^ftKfl-* LT#I i ©4*i»iA 20 

S;h.*©KttL, LTJB*;«r*tt*]l5<Lfc*<fr (3 0 01C, 0. 9Pa 

) K ti . fifOSfta^fi^L. *» o ft S « K S * ** A ft t fc 7° n y 7 4 )\> ft ft T 

i/» -s £ t *? * * o a9Tat*Aitt»*isi:j:9ti«ii(uigT*», ittt 
s; t if "T tB r * a o 

[ 0 0 6 0 ] 

'Jy'J 3>ir-Hit LtMOSFETiftfiLfcSS, gf ^iALfc^tOK 
ic o t & £ 5e 1* <o fa _t & e> k K - > hoggitfettJfpflJoa&SiaiKLfco s *b (c h 
5 > V A ? - O & W) mW ffi Z ft tz & m , #I-e«tIi|g#S5v>y- h$6i^JK^*L/c 30 
F7>->'^ - (iftjfett: 7 0 0 11, 0. 3Pa) CJt^t A 1 2 0 3 ISIfflCSf 

fc^fts-^fcr- h m.mmmm* m l /z h ? > ->* * * - : 3 o ot, 0. 9P 

a ) -C li * tt S 2 0***LTV'!t:. 
[ 0 0 6 1 ] 
2 ) 

iZ«)^iMTI1^7-f Ay')^ - h (HfSiO) K M ?g T' 5 X ^ £ BB, Jft L T g -ft & 

S * ft 0 fc o 
[ 0 0 6 2 ] 

->'J 3 v x ^ ± |: M O S F ETW7-f - /U Kffil^Sr^ib^Ci^^fiKL, i^S^CTi 
&1tm (RM&'ltm) t LT mW 0 . 6 nm<Oy 9 3VSHkK4:iJfiLfco i«0±i:M 40 
I? 1 : 1 0 1?,i : -%OH f L/;lf 3 nmOy'J ^r - HC, ECRy7Xv|Jlv> 

rft*#^A»fe*«LfcSttfi*«:J»»Lfco MUtArt tt. S«iSJK 3 0 0 t, S?£5j-JE 
6. 7 P a , SASJ60WTl^rULfc, * O 3£ * > fif%fl 0%<73^^t^*L 

> 'J * - r h HXfZo 

[ 0 0 6 3 ] 

*rj*oTJR*tcfl-#L-C4s»>, S * ^ * £ # ft T* # iS T L T v U n & « i: <o 

SPItligfli«lli?n4;A'o^ 0 7* 5 X vlWU^o H f v 'J - h m h 

ntzxmpn^^^ 9 v ^ (s i 2p37i"<**-'<* h ;v ) £ n 5 ic 75 -r „ * ibj 5e is * 

t-liy'JI - H:glt4 1 0 2 . 5 e V ff) fcf - ? , Sftfeii: i 9 Tfi^gxU^ 50 
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-f i:->7 F LTv>io CtiliK+CS i -N^^A J «S?titi i «rf t. - H , Hf 
t #• ib , I*i:H f - Ng^lilSSiiT^iv"; k^JtELfco c: ft p> co * 14 . ± & 

Olftji!lli:J;otA7-.')Ay'J>r - t- * CO X ffi ffl CO v 'J 3 > ^ j&* jl ft ft it £ ft 
yiiSrt^t. *;N7i9AJ";ir - b K * r - }• *g *i JBI i LT*LfcMOSFETtft 
« L fc tt * » aWWara-fblH-CHf-Nft-frJgftSrjqUByLfcfcftKjtctea ( ft 3?t # A & 
L ) <0 ^ 7 - «7 A v 'J * - h£*L£h7Vv**iit$fcLTV-:y^^co^;M4tiIiJ£ 
fi tz 0 *JtS*i*Aa*K.fcoT»3c5gt9:a , GJJtL ( & B B a -ft iS g 14 1 0 0 r & ± & 

y - h ^ <b co K - > M6*tt»tl»ih«l*«rltBL/So * #| Jfe #J "C 14 , ->H - MSI * co 10 

5 i'-OS^?:lKfii)i:If -eiftti co T «fc *) , V - ? mffi. V m * % < *s V * - V M 
^i:!!^^*?*^-):*^!, 4 ft * »= J: ») Jfc»* ***± # 1* * ( > V * - h 
Blo5p*&oJt»*s(s»4l0*e)i2»c±#) ivM»*tHi»i:ft6iifc. S <b »c H * K 
LT^7-7A->n - H: t A T ^ 3 - 7 A y U t - h > 9 V * V -> 'J *r - Y * rn.it 

[ 0 0 6 4 ] 

(£lfcei 3 ] 

*ftW©*=«*;»«"TM4, y 'J a > KS f © v <; a y KftK t # A L Z rO 

z^^S^^M+^ftS^SD^^fc^^JS-liecoyn-iii^^o-c^l-o 

[ 0 0 6 5 ] 20 

M ft L , y V 3 >ftl?r*f E^Crl^SSLfc ( |W] II (a) ) o^-y^^^STorr ( 

6 7 OP a) ONERXf 14(>t> 7 0 0 ri:r«ftftlt8t i t "C, It J? 0 . 6 n m CO 
i"J 3>»ftI 6 0 3 t*J*L)(: (mm ( b ) ) » *»'fbBl*ffi^«>ft*»;&J:U f a»£- 

* m CO it a «4 tt & <0 * - -y b *■ fit x. * /< y 9 'J > y" v * x A £• ffl v> T * ffi L tz . 
yrtlliE C Rtt««r«ffl Ltfta««Ktt«r»I L, * y< y * # * i: L T T * rf > # 

* , #XE«4 5xl0~ 4 Torr (0. 067Pa) iL, iJHtW* 1 0 0 WHft 
o ± ifc © -> U 3>lftl 6 0 3 ± K , Mfet LTlf 2 nmJJilZ rf6 0 
4 t*»Lfc« (Rill (c) ) , h *5!«Ltifi£RSrgfit LTRf 1 . 0 
nmCOZ r N g 6 0 5 £ fiK flg L T Z r N / Z rXS i 0 2 «»flia«:»jftLfc (RB (d 30 
) ) o #K#«>BHbJa3Jil To r r (1 3 OP a) coM£ffi?5$f#B$\,+ 5 0 0 t: =Jt o 

o SHb&a.fcoT&jgjf (&mmit®m) ii z r o 2 ( z r o n ) » k « * s it , a » 
z z nsmmm&mm (z r 0Niiis$i) 6 o 6#»t.n/:„ mm% fav>m.mfr 

*«: 2*-f *y)Ha-#ffti:J:oTfF«LtlS*, RftlH* 6 0 . 6 nm^ttlClf 1 
ftO**ft4:«Fofctt1It::ft«EL, '/'J 3'/*«tOj?lTliS i 0 2 ftft-jPftftSilT 

[ 0 0 6 6 ] 

<0 & , ±IB©8ftKJ:oTftlLfc5"J3y«ftI6 0 S^il^iS^S^iffe^Me 0 6 

* tf 1" * - H6»«±C#'J a Vt«*3B)SLrMOSFETtftSUfc. £ co M 

os FETf^-f ^co^Tv' - Mgsitsiaeircta-iEfttttffffitit, > 40 

a > M -f k R * # R IP »i 1 . 4 nmf r-bfc»K*»il&y-y-*ffiftl±|S]*<0 
8Mb 181 & If IBS £ £ * L v »J n > BHbK t Jt-crtt 3 m f&M L/; t 4 fc - b *fe*S£IJS <r> 

m & -fk ii m i4 a % & $q * fj t> & « 4 4 1 5 ot:Jsi±m±Lfco s & k k - > f « 

tt -ft X g T * * 1 0 5 OtOUfclUJ* LT 4 K — y< V h <0 §S # IS ft # ? h 5 V V * 9 
-Iij^#14c0^#l4^ibtl=fe^c»^o 
[ 0 0 6 7 ] 

immm 4 ] 

» n to n fnj t i4 n m m 3 tmtiftv^m-emwmizmm&ffi&Ltzz r o 2 jk ^ ft ss l 

m » y- Hit LT-f'J y 'J 3yy^-7X7Atg«riffiL/:. Sif|3 (#«Jf'J a 

y r - y mm) izif<xr-hw.m&2Lit(ofcwziB:ffi.L, \- ? > ->* ^ ^ - co * > mm <r> 50 
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it jd * n m L tz o 

[ 0 0 6 8 ] 

*SjEO*Jfc«-C»i, -> V 3>i«#Ii:v'J a >»<l:IS:ff A LfcH f v'J * - b £ f£ « 
$«Kffc-> 1 J3>S'ffcR*^L'Ca*i6ill«:fT-3fc (07) 0 
[ 0 0 6 9 ] 

n jfe 01 3 k ra at k -> 'J =» > f ^ 7 o i * »■ & & o* k ft m tt ft k tu st & (ram ( a ) ) 

> mm 0 . 6nmO5"j3>Hk« 7 0 3 tilJiU ( H Bl ( b )' ) . **ifi±KH f 'S 
i *S # ? - h * m^fzA v f J&l&iZ £ X VommW 2 n m W # i f H f S ii7 

0 4*liLf; (HI (c) ) o ^/<7^I*ftli*if(2 tl^«t Lfc. * 10 
^x;N|ii;S i H< i:NH 3 tgflif^i LTO. 5 nmf <?)v 'J 3 >HtI 7 0 5 S: 
CVD(Chemical Vapor Deposition) SILfc (HI (d) 

) o^K^WKft^SfrlTorr ( 1 3 0 P a ) V> $8. E.M m & m * 7 0 0 °C X nt& L 
X & m & X Z ti tz y - * & h (H f S i O) «t 7 0 6 * * L , S*^*it5 

[ 0 0 7 0 ] 

H f -> U ir - MP ffi . ftfelfKH f ^ r H i: ?"J a <b« (5"Ja>* 

*» 0 . 5 nmOttli:t*tt*t L, */'J a ^Jtttkoffltli S i O 2 20 
[ 0 0 7 1 ] 

Z.<D £ 7 I: L t y ') a Vijtl 7 0 3 i J: ff^7 - A •> 'J ^ - h Ji 7 0 6 £ * 1" £ 4* - 
h*fi»BI*JBj£L> * O ± C - Hltg*LTft*LfcMOS FETtli, ->'J n > 

»-ftK»ini i . 6nm. u - * m se « a m m <r> wt ft jss& # jk m * * l -> >j n > m ft m 

tc it L X m 2 ffi J2L JtffiM L r v> tz o 
[ 0 0 7 2 ] 
[ IS B <0 $J * ] 

* » w u j: r * iss in * it l * us ai ft* * k * * v» I* -> u *• - h it m & h m n * 
st$iioi*$gttoa:f ir- f « « e» w k - -»< > i» ss # » »* i* jl » ^^^cr- 

t#T*4#l#*lil , ftftSJifc. 12 © )l iff SI ^# L ^: ^ 

[ a iS <r> ffi * 4 Si w ] 

[II 1] *»W<Z>**#*«0-3BSISr^i-«*BlT*4o 

[12] *HSO**#gf W!!il^fe«-BSS-^t7D-lT*io 

[ ei 3 ] * ft t« c7) 45. m is o « 0 ^ sb * ^ -f m it m X $> Z> o 

[ Bl 4 ] ai^9X-7l»}|:J:oTA 1 2 0 3 i t C S*« A ^ o tIS « 1 1 It 
7T-fA'«3eiS*(2*'f*Vjr*fi-Wtt*) Ht^77f*J. 40 
[ IH 5 ] 7'7X-7HtJ4I*iLfc^7-')i v'J r- hSEKOXai36*^a-3taiSfe^i 

* *t SB If {ffi £ ^ f ^ 5 7 T- * ^> o 

[116] *US<Oi|i$#gtoiSjlSfe<Oll6«®l (&JRgft»S4r*rL£«®f?lii0>& 
ft *& S K J: * - hi£ltJRfl|ji0aijfi2r&) *f t7D-ifi 

[07] 1*. (£m.v>$Ligijm<r>me>mm (•> v => y g.itmz& Ltz&mmmn 

101 -> >; 3 >mm 

1 0 2 = > M ft r ( # ffi ft m « ) 

103 flftfHil$aiK 50 
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